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A total of 153 strains of lactic acid bacteria were isolated from Algerian goats’ milk. The strains were 
identified according to morphological, biochemical and physiological criteria, as well as the use of the 
API system and SDS-PAGE technique. Identification of the isolates revealed the presence of six genera: 
Enterococcus (41.82%), Lactobacillus (29.40), Lactococcus (19.60%), Leuconostoc (4.57%), 
Streptococcus thermophilus (3.26%) and Pediococcus (1.30%). The predominant strains belong to 
Enterococcus faecium (24 isolates), Enterococcus durans (22 isolates), Lactococcus lactis subsp. lactis 
(25 isolates), Lactobacillus rhamnosus (9 isolates) and Lactobacillus delbrueckii subsp. bulgaricus (7 
isolates).  
 





Milk is a complete food, containing proteins, fats, carbo-
hydrates, vitamins and mineral salts (Park et al., 2007). 
Goat’s milk is widely used for home consumption world-
wide and to produce different cheeses and yoghurts 
(Pandya and Ghodke, 2007). The cheeses as several 
dairy products are obtained by fermentation and addition 
of starter cultures to raw or sterilized milk which convert 
its various elements into new molecules with new organo-
leptic, hygienic and even medical properties (Remeuf, 
1992).  
In Algeria, much of dairy products are manufactured by 
traditional methods, using raw cows or goats and also 
ewe's milk. El-Klila a traditional cheese is made from the 
raw cow or goat milk (Boubekri and Otha, 1996). The 
cheese fermentation, like many traditional fermenting pro-
cesses, is spontaneous and uncontrolled and so involves 
several food microorganisms whose type are influenced 
by the environmental conditions of the area where the 
cheese is produced. Microorganisms which are responsi-
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acid bacteria (LAB) (Boubekri and Otha, 1996; Che-
riguene et al., 2006). They are extensively used in fer-
menting a large variety of food products (Cogan, 1980). 
Lactic acid bacteria are widely distributed in the nature. 
They could be isolated from soils, waters, plants, silages, 
waste products, and also from the intestinal tract of 
animals and humans (Axelsson, 1998). They consist of a 
number of bacterial genera within the phylum Firmicutes. 
The genera Carnobacterium, Enterococcus, Lactoba-
cillus, Lactococcus, Lactosphaera, Leuconostoc, Melisso-
coccus, Oenococcus, Pediococcus, Streptococcus, 
Tetragenococcus, Vagococcus and Weissella are 
recognized as LAB (Jay, 2000).  
Lactic acid bacteria (LAB) were first isolated from milk 
(Carr et al., 2002; Sandine et al., 1972) and have since 
been found in such foods and fermented products as 
meat, milk products, vegetables, beverages and bakery 
products (Gobbetti and Corsetti, 1997; Liu, 2003; 
O’Sullivan et al., 2002). LAB have been used as a fla-
voring and texturizing  agent as well as a preservative in 
food for centuries and are now added as starters in food 
(Daly and Davis, 1998). 
To our knowledge in Algeria, little information exists on 
lactic microflora in goat’s milk. The objectives of  this  stu-  




Table 1. Microbiological profile of West Algerian goat’s milk. 
 
Media Ranges of counts for all 
samples (CFU ml - 1) 
Ranges of counts for all 
samples (CFU ml - 1) 
PCA (Total microflora) 7.14 x 105 - 4.2 x 107 5.9 x 106 
MRS agar (42°C) (thermophilic 
Lactobacilli and Streptococci) 
3.2 x 104 - 5.1 x 106 
 
7.12 x 105 
 
MRS agar (35°C) (mesophilic 
Lactobacilli and Leuconostoc) 
7.63 x 105 - 4.13 x 107 
 
5.92 x 106 
Rogosa agar (Lactobacilli) 4.37 x 105 - 2.28 x 106 6.16 x 105 
M17 agar (Lactococci) 2.76 x 105 - 3.58 x 107 6.65 x 106 




dy were to collect a variety of milk samples from different 
areas of Western Algeria and to determine the predomi-
nant microbial groups (isolation and identification of 
microorganisms from goat's milk).  
 
 




The samples of goat's milk were collected from various areas of 
Western Algeria. They were obtained under good conditions from a 
healthy animal, to avoid any contamination which can influence the 
lactic flora. The samples were collected in sterile bottles and then 
transported quickly to the laboratory to be analyzed. 
 
 
Enumeration and isolation of lactic acid bacteria 
 
Before isolation of the lactic acid bacteria, the microorganisms (total 
flora and lactic acid bacteria) were enumerated by the plate count 
technique: PCA medium (PCA; Biokar Diagnostics, Beauvais, 
France) was used for enumeration and identification of total flora. 
For a specific isolation, the cultures were cultivated in the following 
media:  
MRS (De Man et al., 1960) and incubation at 30°C and 42°C 
during 48 h for the enumeration of Lactobacillus, Pediococcus and 
Leuconostoc. 
M17 (Terzaghi and Sandine, 1975) (Biolife, Milano, Italy) and 
incubation at 30°C for 48 h to count Lactococci. 
Rogosa (Difco, USA) (Rogosa et al., 1951) and incubation 
anaerobically at 35°C for 48 h. This medium is specific for 
Lactobacillus.  
SF (Biolife) and incubation aerobically at 37°C for 48 h. This 
medium is specific for Enterococcus.  
The strains were then purified by streaking in their suitable 
media. The purified strains were stored at -20°C in skimmed milk 




Identification of lactic acid bacteria 
 
LAB strains were initially selected on the basis of Gram staining, 
morphology, and catalase test following the criteria of Kandler and 
Weiss (1986) Falsen et al. (1999) and Klein (2001). Gas production 
from glucose was determined in MRS-broth supplemented with 1% 
glucose and Durban tubes. Arginine dihydrolase was determined in 
MRS broth according to criteria of Harrigan and McCance (1976). 
Citrate production was determined according the method of Kemp-
ler and Mc Kay (1980). Also, all strains were tested for growth at 
10ºC for 10 days¸ 45ºC for 48 h. For cocci strains, growth on SF 
broth medium and in the presence of 6.5% NaCl was also consi-
dered. These preliminary tests make it possible to classify the 
isolates in genus on the basis of characteristic and tests of identi-
fication mentioned by Harrigan and Mc Cance (1976), Hammes et 




Identification of lactic acid bacteria to the species level 
 
Fermentation of carbohydrates was determined according to the 
method described by Schillinger and Lücke (1987) using the mini-
plate method described by Jayne-Williams (1975) with bromocresol 
purple as an indicator. Carbohydrates tested were cellobiose, ga-
lactose, mannitol, (melizitose, melibiose, ribose, trehalose, xylose, 
glucose, lactose, saccharose, fructose and arabinose and sterile 
water were used as positive and negative controls (Sigma, St. 
Louis, MO, USA) (Samelis et al., 1994). 
Some representative isolates (about 25%) of MRS (35°C, 42°C), 
M17 (30°C, 42°C) and Rogosa (35°C) were selected for identify-
cation to species level by determination of the enzymatic and 
carbohydrate fermentation patterns of  strains using API 20 Strep 
and API 50 CHL galleries (bio Mérieux, Marcy l'Etoile, France). 
Tests were performed according to the manufactures instructions. 
The APILAB PLUS database (bio Mérieux, Sa) was used to 
interpret the results.  
 
 
Characterization by SDS–PAGE analysis of the whole-cell 
proteins 
 
Twenty five strains previously identified from their phenotypic 
characteristics were submitted to SDS-PAGE of whole-cell proteins 
to confirm the API results. Preparation of cell-free extracts and 
polyacrylamide gel electrophoresis were done as described by Pot 
et al. (1994). Identification of selected strains was performed by 
comparison of their protein patterns with a database of normalized 
protein fingerprints derived from reference strains for almost all 
known species of LAB of the Laboratory of Microbial Biochemistry 






Enumeration of microorganisms  
 
Table 1 summarizes the microbial count obtained from 
the various collected samples. The total microflora as 
well as the other specific groups was counted on five  dif-  




Table 2. Physiological and biochemical characteristics of isolated strains. 
 
Group A B C D E 
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All strains were Gram-positives, catalase-negatives and non spores forming.  
±: More than 50% of strains were positive.  
v: Variable. 




ferent media (Table 1). The enumeration of the lactic flora 
on MRS and M17 media gives respective mean values of 
5.92 x 106 and 6.65 x 106 cfu.ml-1, respectively; these 
values are more important than the mean of the total 
plate count (5.19 x 106 cfu.ml-1), indicating the predo-
minance of the lactic flora. These values also exceed 
those obtained with Rogosa medium (6.16 x 105 cfu.ml-1). 
The mean of the thermophilic bacteria incubated at 42°C 
on MRS agar, 7.12 x 105 cfu.ml-1, is also less than that of 
the mesophilic lactic flora (35°C) which is of 5.92 x 106 
cfu.ml-1. In addition, mean of enterococci (4.57 x 103 
cfu.ml-1) appeared lower than those obtained on the MRS 
agar (35 and 42°C), Rogosa agar, PCA the M17 agar.  
Identification of the lactic bacteria  
 
A total of 153 isolates of lactic bacteria was obtained. 
These isolates were identified to genus level based on 
their cellular morphology, gas production, growth at 10 
and 45°C, in the presence of 6.5% NaCl and pH 9.6 
according to Wood and Holzapfel (1995). All the isolates 
are Gram positive, catalase negative and non spores 
forming (Table 2).  
The isolates were identified to species level according 
to the methods described by Schillinger and Lücke (1987) 
and Samelis et al. (1994). The first group (A) represented 





which 34 were identified using the API 20 Strep. This 
method confirmed that 80% of these isolates belonged to 
the genus and species identified by the physiological and 
biochemical tests. They were assigned to Enterococcus 
faecium with 24 isolates (15.68%), Enterococcus faecalis 
with 22 isolates (14.37%), Enterococcus durans with 14 
isolates (09.15%) and Enterococcus avium with 04 
isolates (02.61%). All these species were 
homofermentative, grew in SF medium, at 10°C and 45°C 
and in the presence of 6.5% NaCl, and are able to 
metabolize the majority of sugars. The other species 
were identified by API 50 CHL as well as SDS-PAGE 
technique.  
The strains assigned to group B belonging to Lacto-
coccus genus were identified as Lactococcus lactis 
subsp. lactis with 25 isolates (16.33%) and Lc. lactis 
subsp. cremoris comprising 05 isolates (03.26%). The 
species of this group are characterized by their incapacity 
to produce CO2, to grow in SF medium, in the presence 
of 6.5% NaCl, at 45°C, but are able to grow at 10°C. With 
the exception of two isolates, all the strains belonging to 
this genus ferment glucose, galactose and cellobiose, but 
are unable to metabolize raffinose, sorbitol, arabinose 
and melibiose.  
The strains belonging to group C were identified as 
Leuconostoc and are represented by 7 isolates (4.5%); 
they have oval cocci form, grow in pairs, produce gas 
from glucose and did not hydrolyze arginine. This group 
is subdivided in two sub-groups. The first sub-group 
contains 4 strains (2.6%) identified as Leuconostoc 
mesenteroides subsp. mesenteroides. Most of these 
strains produce dextrane from sucrose and ferment ga-
lactose, melibiose and trehalose. The isolates belonging 
to the second sub-group were affiliated to Leuconostoc 
lactis species including 3 strains (2%) and were identified 
thus for their incapacity to ferment mannitol, trehalose, 
cellobiose and to form dextrane.  
The group D is represented by Streptococcus thermo-
philus comprising 5 isolates (3.26%). This species is 
characterized mainly by their thermophilic growth with an 
optimum around 42 to 43°C, their  thermoresistance at 
60°C for 30 min (Garvie, 1984), a fermentative activity 
generally reduced to some sugars and a strong sensitivity 
to NaCl. The group E includes two isolates belonging to 
Pediococcus genus. They were identified as Pediococcus 
pentosaceus. They are homofermentative, often asso-
ciated in pairs and tetrad.  
The strains identified as Lactobacillus are classified in 
three sub-groups (I, II and III) (Table 3) (Kandler and 
Weiss, 1986). The results of identification indicate that 
Lactobacillus delbrueckii subsp. bulgaricus is the domi-
nant species in sub-group I represented by 7 species 
(4.5%), followed by Lb. delbrueckii subsp. lactis 3 (1.9%), 
Lactobacillus helveticus 2 (1.3%) and  
Lactobacillus salivarius 1 (0.6%). These species are 
characterized by the transformation of hexoses exclu-
sively by the homofermentative way,  their  important  ca- 




pacity of acidifying and a high optimal temperature of 
growth (42°C). All the strains belonging to Lactobacillus 
bulgaricus species are able to ferment ribose, galactose, 
fructose, maltose, cellubiose, raffinose, melibiose and 
trehalose. The lactobacilli belonging to group II are 
represented in majority by Lactobacillus rhamnosus with 
9 strains (5.8%) that metabolize rhamnose, Lactobacillus 
paracasei subsp. paracasei with 4 isolates (2.6%), 
Lactobacillus pentosus containing 3 isolates (1.9%) and 
Lactobacillus plantarum with only one (0.65%) strain. 
These bacteria degrade hexoses in lactic acid by 
homofermentation and pentoses by heterofermentation. 
Their optimal growth temperature of growth ranges from 
30 to 37°C. Lactobacillus fermentum represent the 
highest number of isolates 11 (7.18%) of sub-group III, 
followed by Lactobacillus brevis 4 isolates (2.6%). The 
bacteria belonging to this group ferment pentoses and 
hexoses by heterofermentation. Their temperature of 
growth differs according to species; it ranges from 30 to 
45°C.  
The identification based on biochemical tests or even 
by the API system leads sometimes to false results, or 
sometimes does not allow for identification of the strain. 
The use of SDS-PAGE makes it possible to determine 
the electrophoretic profile of the strains. This technique 
made it possible to confirm 75% of the results obtained. 
An example of electrophoretic profiles of some strains 
identified by SDS-PAGE technique in this work is 





In this study, our results indicate the predominance of the 
lactic acid bacteria compared to the total microflora. The 
results are in agreement with those of other workers, 
undertaken on the enumeration and isolation of the lactic 
acid bacteria from fermented milks. According to Beukes 
et al. (2001) and Savadogo et al. (2004), the number of 
lactic bacteria largely exceeds that of the other microflora 
of traditional fermented milk in South Africa and in 
Burkina Faso, respectively.  
The high rate of the lactic acid bacteria can be 
explained by the selectivity of media used MRS, M17 and 
Rogosa for this type of bacteria (Reuter, 1985). Thus, the 
results revealed the presence of diversity in the lactic 
microflora isolated from goat's milk. This can be related to 
several factors. First of all, these species are frequently 
isolated from the animals such as bovines, sheep and 
caprines. The environment and the climate can play a 
very great role as indicated by Jenness (1980), Picque et 
al. (1992) and Remeuf  (1992). Indeed, the samples were 
collected from different coastal like Oran and 
Mostaganem, arid or semi-arid areas like Chlef and 
Mascara knowing that the climate is different in these 
areas. In addition, the goats from which milk were 
collected   belong  to  different  races  (Makatia,  Makatia-  




Table 3. Physiological and biochemical characteristics of isolated strains (Lactobacilli). 
 
Group (G.I) (G.II)  (G.III) 
Nb of isolates 7 3 2 1 9 4 2 2 11 4 
































































































































































































































































































































All strains were Gram-positives, catalase-negatives and non spores forming.  
±: More than 50% of strains were positive.  
v: Variable. 




Chamia, Arabia and Kabyle), and the difference in the 
variety can have a great impact on the concentration of 
the various components of the goat's milk (Remeuf et al., 
1991). 
Among the identified lactic microflora, Enterococcus 
appears dominant in the goat's milk (39.21%). 18.30% of 
cultures of this genus belong to the species E. faecium 
followed by E. faecalis which is represented by 17%. 
Enterococci were also isolated by other authors from 
various types of milk. Prodromou et al. (2001) showed 
that 60% of the strains isolated from “Orinotyri” a cheese 
manufactured from ewe's milk in Greece were entero-
cocci. Enterococci grew under the hostile conditions, 
6.5% NaCl and different temperatures (10 and 45°C), 
high pH (9) what would probably explain high amount in 
the raw goat's milk. Entrococci play an important part in 
cheese ripening, and more particularly those manufac-
tured from ewe's or goat's milk. These cheeses present 
characteristic sensorial properties (Casalta et al., 1995). 
For example, E. faecalis takes part in the cheese ripening 
and it is sometimes regarded as a flavour starter 
contributing to a flavor pronounced in ripe cheese. Some 
E. faecalis strains are used as starter culture for the 
development of cheddar, mozzarella and labneh (Egyp-
tian yoghourt) (Devriese et al., 1995).  
Concerning Lactococci, more Lc. lactis subsp. lactis 
(16.33%) were obtained than Lc. lactis subsp cremoris 
(3.26%) in our samples. In other works, it was found that 
Lc. lactis subsp. lactis is more frequently isolated from 
raw milk samples (Moreno and Busani, 1990), of cheeses 






Figure 1. Dendogram calculated by the unweight average obtained using SDS-PAGE protein patterns of 




manufactured containing milk (Centeno et al., 1996) of 
Raib (Hamama, 1992) and from Dahi and butter samples 
in India (Padmanabha-Reddy et al., 1994). In addition, 
according to Holler and Steele (1995), Lactococcus lactis 
subsp cremoris, was isolated only from natural sources. 
In other work, Crow (1993) and Weerkamp et al. (1996) 
affirmed that the lactococci isolated from natural sources 
were often identified as Lc. lactis subsp. lactis, whereas 
the phenotype Lc. lactis subsp cremoris, which is 
common in industrial mixed strain starter cultures, was 
rarely isolated. The natural habitat of Lc. lactis subsp 
cremoris remains uncertain (Salama et al., 1995). It was 
also found that from 21 isolates identified from Amazi, 
fermented milk in Zimbabwe (Mutukumira, 1996) five 
strains belong to Lc. lactis subsp. lactis and four were La. 
lactis subsp. lactis biovar diacetylactis. Strains belonging 
to the phenotype Lc. lactis subsp. lactis biovar diace-
tylactis were not isolated in our work; this can be proba-
bly explained by the fact that the media used for the 
identification were not selective enough and the identi-
fication of a great number of strains in our study (50%) 
were based only on the phenotypical and physiological 
tests.  
Also, the Leuconostoc form part of our collection, but 
with a small proportion (4.5%); 4 strains belonging to L. 
mesenteroides subsp. mesenteroides and 3 to Lc. lactis. 
The same observation was mentioned by Togo et al. 
(2002) who isolated a reduced number of leuconostocs 
from wine. The small proportion of these species among 
our isolates can be due probably to their incapacity for 
competition with the other lactic acid bacteria in mixed 
cultures (Teuber and Geis, 1981). Leuconostoc are 
usually found on plants as well as dairy products, wine, 
and liquids containing sugar. It  is  thus  not  surprising  to  




find Leuconostoc in the oral cavity and the digestive tract 
of the man or animals (Cai et al., 1998). L. mesenteroides 
subsp. cremoris was not isolated in this study. This could 
be also explained by the method of identification based 
on the morphological and physiological characteristics for 
a great number of samples, and probably by the fact that 
the characteristics of the citrate metabolism is encoded 
by plasmid DNA, which can be lost in some strains 
(Cogan, 1985). Studies on 182 representative strains of 
lactic acid bacteria isolated from raw milk in Brazil 
showed that L. mesenteroides subsp. cremoris is repre-
sented by only 1.1% of the total population (Holzapfel 
and Shillinger, 1992). It is also possible that the media 
used were not completely selective.  
Five isolates (3.26%) were identified as S. thermo-
philus. They are generally isolated from fermented dairy 
products. The pediococci strains represent a very small 
proportion (1.3%) in our collection and identified as P. 
pentosaceus. This genus is rarely isolated from milk and 
from dairy products; it is often isolated from wine, crop 
products brines (Garvie, 1986).  
Lactobacilli isolates represent a significant part among 
our isolates and are represented by L. delbuuecki subsp 
bulgaricus, L. rhamnosus and L. fermentum. These spe-
cies are frequently isolated from raw milk and dairy 
products (Tsakalidou et al., 1994). In other works, 
Mathara et al. (2004) and Abdelgadir et al. (2001) isolat-
ed Lactobacillus plantarum, Lactobacillus acidophilus and 
Lb. rhamnosus, and Lb. fermentum from fermented 
products and showed that these species represent more 
than 60% of the isolated lactobacilli. In addition, Medina 
et al. (2001) showed that 8% of Lactobacillus isolated 
from ewe's milk and cheese in North from Argentina 
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